The neural correlates of cognitive control in a picture-word interference task were investigated in 13 healthy individuals using event-related potentials. The differences between the incongruent condition and the congruent condition were examined. Behavioral data showed that the task yielded a robust interference effect as indexed by a longer reaction time for the incongruent condition. Scalp event-related potential analysis revealed greater negative differences in N300 and N570 in the incongruent compared with the congruent condition. The results showed that there may be two cognitive control phases during conflict resolution in a picture-word interference task. N300 is a critical sign of conflict monitoring in the primitive stage, whereas N570 embodies the response conflict in the terminal stage.
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Introduction
In performing a task, an individual has to make sure that relevant information (stimuli, actions) is selected and distraction by stimuli or thoughts irrelevant to the task are avoided [1] . This is the concept of cognitive control. People try to implement tasks every day; thus, control mechanisms play an important role in the organization of actions and thought.
Several classical paradigms have focused on conflict control, including Stroop task (word-color interference) [2] , Simon task (stimulus-response position interference) [3] , Flanker task (middle-flanker stimuli interference) [4] , and go/no-go task (execution-inhibition interference) [5] .
More recent studies have indicated the common conclusion of control mechanism. The negative difference waves (incongruent minus congruent or inhibition minus execution) were a token of cognitive control. In the Stroop and Simon paradigms, the results showed that the incongruent condition elicited a more negative event-related potential (ERP) deflection than the congruent condition between 350 and 500 ms after the onset of stimuli over the frontocentral scalp [6] [7] [8] . Compared with the congruent condition, the frontocentral N2 observed in the Flanker task was found 200-380 ms after a target stimulus onset in the incongruent condition [9] . In addition, the N2 can be recorded in the go/no-go task at 200-300 ms after the stimuli. It is greater after no-go stimuli than after go stimuli over frontal brain areas [10, 11] . The N2 has been associated with the inhibition of motor responses and conflict monitoring.
A majority of neuroimaging studies have investigated conflict control mechanisms using classical paradigms. Few studies have concentrated on cognitive control during conflict resolution in the picture-word interference task. The picture-word interference task, considered as the production of words paradigm, was originally a typical cognitive control paradigm [12] . To shed light on the cognitive control mechanism involved in a picture-word conflict, the ERPs of individuals engaged in a picture-word interference task were recoded. First, we wanted to know whether the negative difference wave of the ERPs is consistently associated with cognitive control in a picture-word interference task. Second, some interesting findings about temporal patterns of the modulations of the ERPs were anticipated because the picture-word conflict might be different from the interferences in classical paradigms.
Methods

Participants
As paid volunteers, 13 undergraduates (seven male, six female) aged 18-24 years (mean age, 20.6 years) from a university of China participated in the study. Participants were right handed, had no current or past neurological or psychiatric illness, and had normal or corrected-to-normal vision.
Materials and procedure
The experimental materials consisted of nine cards (see Table 1 ). A word and a picture about shapes were included in every card. The word was placed in the center of the picture. The cards comprised of two categories according to the identities of the word and the picture included in each card. If the word 'rotundity' and a circle were printed on a card, they would be considered as a congruent stimulus. However, if the word 'rotundity' and the square shape were present on a card, they would be considered as an incongruent stimulus. For the homogeneity of the experimental materials, several usual words and shapes were adopted to compose the nine cards, including three congruent stimulus cards and six incongruent ones. In the entire experiment, every congruent stimulus card turned up 24 times, and the emergence times of each incongruent one were 12. Thus, both the congruent and incongruent conditions included 72 trials each. A total of 144 trials for the entire test were implemented randomly, which was divided into three blocks, with an interval between two blocks for the participants to rest.
The participants were seated in a quiet room facing a monitor placed at a distance of 60 cm from the eyes, with the horizontal and vertical visual angles of the stimuli below 51. They were instructed to avoid blinking or moving their eyes and to keep their eyes fixed on the monitor during the task performance. On each trial, after the fixation point (+) appeared for 300 ms in the center of the screen, the stimulus card was presented for 3000 ms. The participant's task was to identify the shapes on the stimulus cards while ignoring the meaning of the words. When the shape was a circle, the participants were asked to press key '1'. When the shape was a square, they were instructed to press key '2'. When the shape was a triangle, they were required to press key '3'. The trials in which participants pressed the key improperly were considered invalid.
Event-related brain potentials recording and analysis
Brain electrical activity was recorded from 64 scalp sites using tin electrodes mounted in an elastic cap (Brain Product, Brain Products GmbH, Stockdorfer, Munich, Germany), with the reference on the left and right mastoids. The vertical electrooculogram (VEOG) was recorded with electrodes placed above and below the left eye, and the horizontal electrooculogram (HEOG) with electrodes placed by right side of right eye and left side of left eye. All interelectrode impedance was maintained below 10 kO. The electroencephalogram and EOG were amplified using a 0.05-100 Hz bandpass and continuously sampled at 500 Hz/channel for off-line analysis. Eye movement artifacts (blinks and eye movements) were rejected off-line. Trials with EOG artifacts (mean EOG voltage exceeding ± 80 mV) and those contaminated with artifacts because of amplifier clipping, bursts of electromyographic activity, or peak-to-peak deflection exceeding ± 80 mV were excluded from averaging.
The averaged epoch for ERP was 900 ms including 700 ms poststimulus and 200 ms prestimulus. Only segments with correct responses were averaged and at least 50 trials were available for each condition. On the basis of the ERPs, grand-averaged waveforms, and topographical map (Figs 1 and 2 ), the following 28 electrode points were chosen for statistical analysis: FPz, Fz, FCz, Cz, CPz, Pz, FP1, FP2, AF3, AF4, F1, F2, F3, F4, FC1, FC2, FC3, FC4, C1, C2, C3, C4, CP1, CP2, CP3, CP4, P1, and P2. The analysis of variance factors were stimuli type (two levels: congruent condition and incongruent condition) and electrode site. For all analyses, P value was corrected for deviations according to Greenhouse-Geisser.
Results
Behavioral data
The behavioral results of this study showed that the accuracy rates for the congruent condition and the incongruent condition were 98.0 ± 2.5 and 97.0 ± 2.6%, respectively. Moreover, there was no main effect of task type [F(1,13)=0.66, P > 0.05]. Under the correct response trials, participants needed a longer time to judge the shapes on the cards in the incongruent condition (675 ± 60 ms) than in the congruent condition (637 ± 34 ms) [F(1,12)=13.15, P < 0.01].
Electrophysiological scalp data
As illustrated in Figs 1 and 2 , the incongruent condition elicited two frontocentral negative ERP deflections more than the congruent condition in the 280-400 ms and 530-600 ms 
Discussion
In observing both the grand-averaged map and the difference waves, a comparison between the incongruent condition and the congruent condition could be made. The deflections, N300 (280-400 ms) and N570 (530-600 ms), were significantly larger in the incongruent condition than in the congruent condition. The results revealed that the resolution of a picture-word interference task contains two phases. N300 is a critical symbol for conflict monitoring in the previous stage, and N570 is related to the response conflict in the subsequent stage.
N300 evoked by the incongruent condition was greater than that evoked by the incongruent condition. It is useful to compare N300 with N2 (go/no-go task), N320 (Aha effect), and N300 (Stroop effect) because they share similar time ranges and temporal distributions. The frontocentral N2 observed in the go/no-go task [10, 11] was a negative wave with a latency of 200-300 ms after stimulus onset. It was greater after the no-go stimuli than after the go stimuli over frontal brain areas. Some results Grand-averaged event-related potentials to the incongruent condition, the congruent condition, and the difference wave (incongruent -congruent) at C3 and C4. 
Different waves
Left: grand-averaged event-related potentials to incongruent condition, congruent condition, and the difference wave (incongruent -congruent) at Cz. Right: topographical maps of the voltage amplitudes for the incongruent condition versus the congruent condition difference wave in the time range 280-400 and 510-600 ms.
supported the fact that frontocentral N2 in the go/no-go task was mainly associated with conflict monitoring processes. Qiu et al. [13] recorded ERPs when participants thought about the answers to a Chinese charactergeneration task. Their results showed that unexpected correct and incorrect answers elicited a more negative deflection (N320) than did consistent answers over the right frontocentral scalp regions between 300 and 400 ms. The N320 might reflect cognitive change or conflict occurring between old and new thought processes in the initial stage of identifying and judging answers. The Stroop effect refers to an increase in response time observed when the word meaning and the stimulus hue do not match. In an incongruent condition, the word 'green' is presented in the color 'red', whereas in a congruent condition the word 'red' is presented in the color red. N300 in the Stroop effect was found in the incongruent condition rather than in the congruent condition over frontocentral scalp regions between 270 and 400 ms. The investigators speculated that the N300 was related to the detection of the interference stimuli in the early stage of cognitive processing [14] .
In comparing these results with former findings, it seems that the picture-word interference task and the classical interference paradigms have consistent time courses, as they all have an obvious negative wave (incongruent minus congruent) at first. In addition, topographical maps show that this negative component is mainly distributed over frontocentral scalp regions. Thus, N300 is the same component to the negative ERP deflections discovered in the early stage and represents conflict monitoring in the classical interference paradigms.
Furthermore, the incongruent condition elicited a more negative deflection (N570) than did the congruent condition 530-600 ms after the onset of the stimuli. Maps of the difference waves showed strong activity in frontocentral scalp regions. In the Stroop tasks, when participants were required to name the font color of a color word, the word meanings might influence their judgments. The incongruent task elicited a more negative wave (N450 or N520) than the congruent task in the 350-600 ms time window in prefrontal areas [14, 15] . In other words, the participants had to control the interference of the word meaning to avoid giving an improper response in the late stage of the cognitive processing. Similarly, in picture-word task, the participants focused on the shapes and had to control the interference of the words on the cards, so the response conflict also emerged from the incongruent condition.
According to the previous studies, N570, N450, and N520 are probably the same type of ERPs associated with the response conflict control of the late conflict-processing stage. A possible reason may explain the time window delay in N570 compared with N450 and N520 in the Stroop paradigm. In some respects, the traits of a picture-word interference task and a classical Stroop task are different. The definition of the interference paradigm is simple: participants are presented with a stimulus made up of two related components [12] . Their task is to respond to one component of the stimulus while ignoring the other. In fact, the two components of a picture-word interference task are shape word meanings and shapes. However, color word meanings and font colors compose the two components in a classical Stroop task. In the Stroop task, the two components exist on the same position (words written in colors). In contrast, there is a spatial distance between the two components in the picture-word interference task. It therefore takes more time to resolve the interference because of the spatial distance.
Conclusion
In this picture-word interference task, the incongruent condition elicited more negative ERP deflections, N300 and N570, than the congruent condition. The results are explained by assuming that the process of picture-word interference task may contain two cognitive control phases. N300 and N570 provide evidence for the dissociation of neural circuits between monitoring conflict and response control.
